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Abstract 
 
An accurate knowledge about air quality shall mainly form the foundation of the Atmospheric Protection 
Action Plan and Strategy.  In order to create a reliable decisional basis for the measures required by the maintenance of 
a high level of the air quality, qualified measurements, based on an adequate technical support become compulsory.  It 
is for the provision of this technical support that the Guidelines for the functioning of the Romanian Air Quality 
Monitoring System have been created and drafted, guidelines which include all the aspects required by the 
implementation and functioning of an efficient air quality monitoring system.   
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1.Introduction  
 
           The following guidelines were drawn up within the 
framework of the following twinning-projects: 
Implementation and enforcement of the environmental 
acquis in the region VI focussed on Air Quality 
(RO04/IB/EN01 and RO06/IB/EN01). The project has been 
being developed within the Regional Environmental 
Protection Agency Cluj Napoca beginning with year 2005 
and shall end in year 2009. The guidelines describe the 
proposal of the twinning-experts with regard to the operation 
of the Romanian network for air quality monitoring. They 
consist of an overall concept as well as several procedure 
instructions (PI) and Standard Operation Procedures (SOP).  
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2. Material and method 
 
    The guidelines refer to the monitoring of air 
pollutants in the ambient air.  The main legal foundation 
in this regard in Europe is the Framework Directive 
96/62/EC of the Commission of the European 
Community and the respective daughter directives, which 
set limit values and guide values for each air pollutant. 
The European directives with their mandatory 
implementation in the member states have led to 
significant development on the legislative level but also 
to important technical and analytical progress. The 
following criteria are to be mentioned as main focus: 
Significantly severer limit values by implementation 
of the effect-oriented standards of the World Health 
Organisation WHO 
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 Extensive measures plans and action plans 
for the improvement of air quality 
 Extensive information of the public 
 Significantly higher demands with regard to 
the quality of air quality data and to the 
quality management systems of the 
monitoring networks (Data Quality 
Objectives of the EU Directives) 
 
Tasks and Objectives of Air Quality Monitoring 
 
          The air quality monitoring tasks may be 
basically divided in: 
 Area-oriented measurements: determination 
of the overall exposure to air pollutants in 
different areas and its influence upon the 
population living there, upon the vegetation 
and upon assets. 
 Local-oriented measurements: 
determination of specific exposure to air 
pollutants in places with unusually high 
emissions and the sometimes limit-value-
exceeding levels of air pollutants deriving 
from it. (e.g. highly frequented urban 
canyons) 
 Facility-oriented measurements: 
determination of specific pollution produced 
by air pollutants from one or more industrial 
emitters.  
             The specific objectives of air quality 
monitoring according to EU Directives are the 
following:  
 To verify whether the limit values and guide 
values set in the EU Daughter Directives are 
being observed. 
 To control the effectiveness of the measures 
taken for air quality improvement. 
 To verify Dispersion Modelling for 
pollutants in the ambient air 
 To determine temporal trends with regard to 
air pollutant levels. 
 To investigate long range transport of air 
pollutants. 
  
Quality Assurance 
 
      As a rule, the metrological air quality 
verification is regulated by state provisions, which 
mainly rely on European Directives, and takes place 
according to state-acknowledged standards and 
guidelines. Reference to this will be made in some 
instances in the present guidelines. The quality 
assurance measures for the investigation of air 
quality refer to the following levels of action: 
 Specifications with regard to the monitoring 
strategy i.e. definition of task, choice of 
monitoring location, monitoring period, etc.  
 The use of verified monitoring equipment, 
the use of reference and equivalence 
procedures. 
 Proof of calibration procedure traceability to 
National Standards. 
 Confirmation of professional competence 
through accreditation of laboratories and 
monitoring networks by an accreditation 
body with European recognition 
 Quality control of monitoring stations and 
networks by means of national and 
international interlaboratory tests, audits and 
quality management systems  
           The guidelines provide valuable support for 
many of these points, in order to reach quality 
targets and to be able to provide the European 
Commission of the European Community with 
reliable data on air quality. 
 
      Organizational Foundations of the Guidelines 
 
           The guidelines mainly refer to European EN 
standards and Directives, that will not be detailed 
here, but that will be referred to in particular cases. 
There will also be reference to the operating 
instructions of the individual devices of the 
monitoring network. In the SOPs and PIs the 
operation of the regional monitoring network (level 
B and C) will be taken as a basis. The national level 
will only be referred to. This means that neither the 
function of the National Data Centre nor that of the 
National Reference Laboratory will be described. 
Both have been relocated at the National 
Environmental Protection Agency (NEPA).  
             In the guidelines there is a general 
differentiation between 3 levels:  
 Level A corresponds to the NEPA. 
 Level B corresponds to areal sub-centres 
subordinate to NEPA, but superior to the 
Local Environmental Protection Agencies 
(LEPA). At the same time it is conceivable 
that some LEPAs with many stations act as 
one sub-centre.  
 Level C corresponds to the LEPAs. 
             It is important that each monitoring central 
of the B level comprise approximately 20 
monitoring stations (between 10 and 30) and that all 
of them are reachable within one working day (i.e. a 
maximum three-hour-drive away). Moreover, all the 
departments should be in one locality - preferably in 
the same building - so as to ensure optimal 
collaboration.  
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3. Results and discussions 
 
Structure of the Guidelines for a Monitoring 
Network 
 
  The guidelines comprise all important tasks 
which belong to the operation of an air quality 
monitoring network according to the EU Framework 
Directive for air quality 96/92/EC and the associated 
daughter directives: 
              Guidelines for the measurement strategy of 
air quality 
 Regulations for the operation of the 
monitoring network 
 Regulations for the work of the calibration 
laboratory  
 Fundamental documents (PI and SOP) for a 
quality management manual (QMM) of the 
monitoring network   
 Regulations for the monitoring network 
centre with regard to data collection, the 
database for measured values, the data 
validation steps and several aspects on 
reporting. 
 Standard Operation Procedures for 
important task of the Analytical Laboratory 
Air Quality 
           The steps in the quality assurance process are 
comprised in the Procedure Instructions for 
operation and maintenance of the stations, as well as 
in the European standards they have been based 
upon. 
           The guidelines can be divided as follows: 
 Structure of the Romanian air quality 
monitoring system 
 Guidelines measurement strategy 
 PIs and SOPs with regard to the operation 
tasks of the monitoring network 
 PIs and SOPs with regard to the tasks of the 
calibration laboratory 
 PIs with regard to the monitoring network 
centre 
 SOPs with regard to the tasks of the 
Analytical Laboratory Air Quality 
            Measurement strategy 
 Measurement Principles and Measurement 
Methods 
 Planning of ambient air quality 
measurements General rules 
 Planning of ambient air quality 
measurements – Rules for planning 
investigations of traffic related air pollutants 
in key pollution areas 
 Measurement Strategies for the 
Determination of Air Quality 
Characteristics in the Vicinity of Stationary 
Emission Sources 
 Handling of Measurement Uncertainty 
           Operation of the Monitoring Network - 
Standard Operation Procedures (POS) and 
procedure instructions (IP) 
 Measurement Procedures for the 
Determination of Particulate Matter 
Concentration and Gaseous Components 
 Monitoring network service 
 Performing of Maintenance/Maintenance Plans 
 Calibration of NO/ NOx Analysers/ Calibration 
Form  
 Calibration of SO2 Analysers/Calibration Form 
 Calibration of Ozone Analysers/Calibration Form 
 Calibration of CO Analysers/Calibration Form  
 Calibration of BTX Analysers/Calibration Form  
 Performing Repairs on Analysers/Repairs-Log 
 Change of Container Sites 
            Calibration Laboratory  
 Calibration Laboratory 
 Receiving inspection, basic calibration, 
linearity test and type approval test for 
suitability evaluation of measurement 
devices  
 Certification of test gases 
 Certification of test gas bottles  
 Determination of Uncertainty of 
Measurement for the Measurand Nitrogen 
Dioxide (NO2) while employing a NO/NOx 
Chemiluminescence-Measuring Device as 
well as of Calibration with the Transfer Gas 
Standard CSI 1700 in the Air Quality 
Monitoring Network 
 Gravimetric Mass-Determination for PM10, 
Sampling by means of the High-Volume-
Sampler DIGITEL DHA-80 
 Filter Handling (Cellulose Nitrate, Quartz 
Fibre) during the Determination of PM10 
Concentration by means of DIGITEL DHA 
80 
 Filter Preparation and Storage (Cellulose 
Nitrate, Quartz Fibre) for the Determination 
of PM10 Concentration by means of 
DIGITEL DHA 80 
 Balance Manual for the Verification of the 
Electronic Analytical Balance MC 210 P 
 Pipette Manual for the Verification of a 
Piston-Driven Air Displacement Pipette by 
means of an Analytical Balance  
 Calibration of the Reference Standard, 
Organisation and Deadlines 
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   Monitoring network centre 
 Data Control and Release/Forms 
Daily/Monthly/Yearly Validation 
 Reports, Statements, Data Publication 
 External Data Requests 
 Information of the Public on Air Quality 
 Calculation of Parameters and Statistical 
Parameters from the Air Quality Monitoring 
Network 
 Automatic Data Verification 
    Analytical Laboratory Air Quality 
 Inductive coupled mass spectroscopy 
(VARIAN ICP-MS 820) 
 Measurement of elements in dust and 
deposition dust 
 HPLC system Merck 
 Measurement of polycyclic aromatic 
hydrocarbons (PAH) in fine dust 
 Ion chromatograph Metrohm 
 Measurement of anions and cations in 
ambient air probes  
 Measurement of deposition dust and heavy 
metals content 
 Sampling of deposition dust 
 Digestion of dust and deposition dust for 
ICP-MS analysis 
 Measurement of NO2 concentrations in 
ambient air by passive sampling 
 Measurement of BTX concentrations in 
ambient air by passive sampling 
 Measurement of BTX concentrations by 
active sampling and GC (VARIAN 3400) 
            Tasks description of the monitoring fields 
             Level B: 
            The monitoring network is headed by a 
scientist/academic, to whom an assistant is assigned. 
            The monitoring network service is led by an 
academic and also comprises one engineer and 4 
technicians. Their tasks are the following:  
Task description:  
Academic Managing, monitoring strategy, 
personnel management and budget 
Engineer Start-up verifications 
Adaptation of new devices to the monitoring network 
  Training of technicians 
Procurement (devices, spare and consumable 
material) 
  Location planning and arrangement 
Responsible for transfer standards 
and their verification in the 
calibration lab 
  Control of completed calibrations 
Technician Maintenance and repairs  
Calibrations   
According to qualification divided into maintenance 
technician and repair technician. 
            The Laboratory belonging to the monitoring 
network is composed of the two units: 
- Calibration lab  
- Analytical lab for inorganic and organic air 
pollutants  
           The laboratory is led by an academic. He has 
three subordinate engineers with the following 
assignments:  
- Calibration lab (reference equipment for 
SO2, NO, NO2, O3, CO, benzene, particles; 
gravimetric analysis PM10 and PM2,5; 
transfer standards; calibrations and linearity 
verifications for new and repaired 
equipment 
- Analytical lab for inorganic air pollutant 
components: Pb, Cd, Ni, As, Hg and other 
heavy metals; inorganic components in dust 
and deposit.  
- Analytical lab for organic air pollutant 
components: BTX, PAH, Benzo(a)Pyrene, 
rust; if necessary: Furan, Dioxin 
Task description:  
Calibration lab engineer    
Chemistry, physics, electronics 
Engineer Analytical lab/inorg.   
Focus on inorg. chemistry, AAS, ICP/MS 
Engineer analytical lab/org.                         
Focus on org. chemistry, GC, HPLC 
General: quality management, determination of 
measurement uncertainty, procedure development, 
participation in interlaboratory tests, laboratory 
comparisons.  
           The monitoring network centre is headed by 
an academic and also comprises one engineer and a 
technician. Their tasks are the following: 
            Task description:  
Academic Management of the data centre  
Planning/further development of 
database and data communication 
Further development of data 
validation procedures 
Reporting 
Engineer   
Administration of network of monitoring network 
  Data validation  
  Data assessment 
  Preparation work for reporting 
Data dissemination according to 
requirements (EU-requirements, 
requests from municipalities, 
research, media) 
Technician Computer maintenance, data. 
transfers, database, support with 
data validation, assessment, 
reporting 
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Structure of the Air Quality Monitoring Network 
 
Flow Chart of Assumptive Structures 
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  Level C (LEPAs) 
           On this level, the „air quality” unit takes on the 
tasks of caring for the monitoring network in the 
monitoring department. This unit is led by an engineer, 
who mainly organizes the support for stations in the 
LEPA and takes on the data assessment on local level as 
well as information of the local public. He is 
accompanied by 1-2 technicians who are responsible for 
fault clearance, maintenance work and the overall 
operation of the stations. The number of necessary 
employees depends on the number of the attended 
stations; as indicative number one technician can be 
calculated for every three stations. 
            Task description: 
Engineer  Organization of monitoring 
station care in the LEPA 
Data assessment/ collaboration 
in Clear Air Plans and action 
plans 
Information of the local public, 
municipalities, businesses, 
media, schools, action groups, 
etc. 
Support of monitoring network 
service in special investigations 
(e.g. in the framework of 
approval procedures, road 
planning, specific land-use 
areas, industrial parks, regional 
planning procedures) 
Special programmes for the 
determination of PM-10 
pollution 
 
Technician  Maintenance: exchange of all 
consumable material  
Repairs: exchange of worn out 
pieces (Pumps, membranes, 
magnet valves). 
First fault diagnosis until the 
decision is taken, whether the 
devices needs to be exchanged. 
Support with Public Relations 
              Quality Management in Air Quality Monitoring 
              It is stringent to establish a Quality 
Management System (QMS) for the air quality 
monitoring. This system must comply with EU 
regulations and must be implemented at the same time 
with the installation of the air quality monitoring 
networks.   
              For each air quality monitoring network, the 
QMS is vital, because very important decisions 
regarding air quality monitoring, legislation against 
emission source operators depend totally or partially on 
the measurement data. Not only are incorrect data and 
false information useless, but they can lead to wrong 
decisions and endanger human health. The QMS should 
comprise the following elements:  
 Selection of measurement locations 
 Selection of measurement devices used  
 Calibration of measurement devices (monitors) 
 Maintenance of monitors and monitoring 
stations 
 Management of measurement data  
 Validation of measurement data  
             A good data quality and a high data capture rate 
are essential in an air quality monitoring network in 
order to reach the Data Quality Objectives (DQO) of the 
EU Directives. In order to ensure that the data are 
sufficiently accurate, reliable and comparable to other 
monitoring networks, the measures for quality 
management have to be consistently used in the entire 
network.  
The QM-System has the following fundamental 
objectives:  
 The measurement data of the network must be 
representative for existing air pollutions in the 
monitored (urban) area.  
 The measurement must be accurate, precise and 
traceable.  
 The measurement data must be comparable and 
reproducible: the results of a geographically 
extended area must be consistent and 
comparable to international standards.  
 The measurement results over the entire period 
of the monitoring network operation must be 
consistent (consistent over time). 
            The basics for the measurement are the primary 
and secondary standards, which are usually cared for by 
the National Reference Laboratory (NRL). Additionally, 
there are the necessary absolute or traceable metrological 
standards, for which the National Metrological Institute 
is responsible (temperature, pressure, flow rate, weight, 
etc). The necessary requirements for the achievement of 
uniformity are:  
 The used measurement methods must be known 
(known performance) and their scope must be 
defined.  
 Each calibration must be traceable by means of 
an uninterrupted string to international 
standards.  
 The measurements must be performed within a 
documented QMS. 
Because of the importance of these general 
requirements for the measurements in an air quality 
monitoring network, the main tasks of the areal 
calibration laboratories (ACL) are described in more 
detail in the next pages. 
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  Traceability of air quality data  
 
           The areal calibration labs (ACL) have many 
diverse tasks. One of the main tasks is the supply of 
traceable transfer standards for the calibration of 
measurement devices in the monitoring networks. 
Traceable means, that these transfer standards are 
connected to national/international standards by an 
uninterrupted string of comparison measurements with 
known measurement uncertainty.  
National standards shall be kept by the National 
Reference Laboratory (NRL) and shall be linked to 
international standards by means of international 
comparison measurements in the framework of the 
BIMP. The laboratory reference standards used in the 
calibration labs as a basis for calibration have to be 
certified by the NRL by means of comparison 
measurements with the national standards. The 
uncertainty of the certified test gas concentration shall 
always be indicated in this process. Both test gases in 
test gas bottles and test gas generators can be used as 
laboratory reference standards. The stability of the 
laboratory reference standards used must be monitored 
constantly by the Reference Calibration Labs by means 
of appropriate measures (e.g. cross-checks with a second 
standard or independent procedures). 
           The calibration labs perform comparison 
measurements of the transfer standards with the 
laboratory reference standards and determine their 
uncertainty. To this purpose, reference measurement 
devices are used, which have been previously calibrated 
with the laboratory reference standards. Then, the 
transfer standards are deployed in the monitoring 
stations for the calibration of measurement devices. 
Thus, the traceability of air quality data to national 
standards is guaranteed. Additional to reference 
standards, the ACL’s also have other standards at their 
disposal (laboratory work standards), which can be used, 
for example for the daily zero/span control of the 
reference measurement devices and for the linearity test 
of measurement devices.  
 Linearity test  
          The linearity of measurement devices is to be 
tested regularly, yearly or every three years, according to 
test results. Also, after repairs or basic maintenance 
works on measurement devices, a new linearity test shall 
be necessary. With newly procured measurement devices 
the linearity test shall take place in the ACL before its 
installation in a monitoring station.  
 Receiving inspection  
 The EN ISO/IEC 17025 „General requirements 
for the competence of testing and calibration 
laboratories“ requires that newly acquired measurement 
devices are tested for the observance of technical 
specifications and for compliance with the requirements 
of that particular measurement procedure. These 
receiving inspections shall take place in the ACL.   
The receiving inspection for new measurement devices 
comprises a formal part, in which the completeness of 
delivery is checked and a practical part, in which data 
transfer, device parameterisation and the compliance 
with special performance characteristics are checked. 
The basic calibration and the first linearity test shall also 
take place in the framework of the receiving inspection. 
Only if the measurement device fulfils all requirements 
it may be cleared for measurement use. The results of the 
inspection and the approval of measurement devices are 
to be documented. The scheme shall again make clear 
the tasks described above (fig. 1). 
Type approval test for suitability valuation on 
site . 
         The European standards for the measurement 
procedures for SO2, NO/NO2, O3 and CO require that 
before use a measurement device be tested for its 
suitability to fulfil the requirements of EU Directives 
regarding data quality even in the specific conditions of 
the envisaged measurement site. For this, the 
measurement uncertainty of the measurement device is 
calculated taking into consideration the results of the 
type approval test and the specific conditions of the 
measurement site and then compared with the 
requirements regarding measurement uncertainty of the 
EU Directives. The task of performing the type approval 
test for suitability evaluation shall be fulfilled in the 
ACL’s. A close collaboration between calibration lab, 
monitoring network service and monitoring network 
centre shall be necessary in order to determine the 
starting values required for the calculation of 
measurement uncertainty. All calculations shall be 
documented. 
Reference standards for physical measures 
          In the monitoring network service volume flows, 
from PM10 samplers for instance, as well as pressure 
and temperature sensors have to be verified regularly.  
The balances used for the gravimetric 
determination of PM10 shall be calibrated regularly with 
reference weights.  The ACL’s must have at their 
disposal calibration reference measurement devices and 
certified reference weights for the measures volume 
flow, pressure, temperature and mass and must organise 
and ensure their regular recalibration or metrological 
verification by the NMI. These reference measurement 
devices shall be used in order to calibrate the 
measurement devices used for the tests in the stations 
and the balances.  
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Figure 1. The task of performing the type approval test for suitability evaluation shall be fulfilled in the ACL’s 
 
 
 
Gravimetric analysis  
          The ACL’s are responsible for the gravimetric 
determination of PM10 and PM2,5. For this, they have 
air conditioned balance rooms for filter conditioning and 
weighting.  
The course of action and the requirements for the 
gravimetric determination of PM10 and PM2,5 are 
described in the corresponding European standards (EN 
12341 and EN 14907). 
           4. Conclusions 
           The Guidelines for the functioning of the Air 
Quality Monitoring System form an extremely useful 
instrument in the implementation of the European 
Directives relative to the air quality, providing the 
technical support required by the achievement of a 
complex and efficient air quality monitoring system. In 
Romania, the implementation of the air quality 
monitoring system at national level is in course of 
achievement, including 117 automatic air quality 
monitoring stations within the Romanian Automatic Air 
Quality Monitoring Network (RNMCA). 
RNMCA includes 117 continuous air quality 
monitoring stations, provided with automatic equipments 
for the measuring of the main atmospheric pollutant 
concentrations: sulphur dioxide (SO2), nitrogen oxide 
(NOx), carbon monoxide (CO), ozone (O3), dust in 
suspension (PM10 and PM2.5), benzene (C6H6) and lead 
(Pb). The local stations are administered by the county 
Environmental Protection Agencies. Air quality data are 
collected and forwarded to the public information 
panels, whereas, following primary validation in the 
county centers they are forwarded to be certified to the 
Air Quality Evaluation Center. The monitored 
pollutants, the measuring methods, the limit values, the 
alert and the information thresholds, as well as the 
emplacement criteria for the monitoring stations are 
regulated by the air quality national legislation 
harmonized with the European regulations. This system 
shall provide the framing within the regulations of the air 
quality European Directives and Romania’s integration 
into the European air quality monitoring system. 
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